address the phenotypic differences seen in previous observations. We analyzed the phylogeny of 31 these strains and observed segmentation based on the previously described Global Lineages of S. between the Global Lineages, the AMR determinants were identified. We found a variety of AMR 38 determinants within the genomes, and while the international and domestic S. sonnei carried 39 similar resistance determinants, differences between Global Lineages were observed. 
Introduction

41
Shigella spp. are agents of bacillary gastrointestinal illness responsible for an estimated 80 42 to 165 million cases worldwide (1, 2); consequently, they rank as the fourth most common cause Characterization of S. sonnei has traditionally depended on pulsed-field gel electrophoresis 51 (PFGE) (7), but whole genome sequencing (WGS) has recently gained popularity due to its higher 52 resolution, increased availability, and lower costs. Accordingly, government and state laboratories showed that S. sonnei segment into 4 main clusters on a phylogenetic tree made using SNP variant 58 analysis (8). However, this study did not include any S. sonnei from the United States. This 59 hypothesis has only been tested once on S. sonnei strains found in the United States, when a group 60 from California used WGS to investigate two separate outbreaks of S. sonnei; they found that most 61 isolates fell into Lineage III (9). However, the scope of this analysis was narrow, as it was only 62 based around two outbreaks within California, so studies with a wider range of isolates may yield 63 additional beneficial data.
64
As with many other foodborne pathogens, antimicrobial resistance (AMR) in S. sonnei is 65 on the rise. In a recent report by the National Antimicrobial Resistance Monitoring System 66 (NARMS) in 2014, 2.4% of all Shigella isolated from humans in the United States were resistant 67 to ciprofloxacin and 4.7% were resistant to azithromycin, the first-line antibiotics typically used 68 to treat shigellosis (10). Additionally, the report showed that over 40% of all Shigella isolated were 69 resistant to three or more classes of antibiotics. Traditionally, testing and surveillance of antibiotic greater than 97% correlation between both methods (12-15). To our knowledge, only one study 75 has investigated the correlation of phenotypic S. sonnei antimicrobial susceptibility results to 76 genome antimicrobial analysis of the same strains, and they found similar correlation results (9).
77
Additional research is needed to gauge the effectiveness of AMR detection via genome analysis 78 when compared to traditional in vitro testing, specifically on a wider range of S. sonnei isolates. Health collected travel history from these patients and grouped the Shigella as international isolates 82 and domestic isolates. Using these Shigella, they examined the correspondence of geographic 83 origin and PFGE to antimicrobial susceptibility, and they found that international isolates carried 84 more antibiotic resistance (16). In response to these results, 22 S. sonnei from the same collection 85 were chosen for WGS to examine in greater detail; specifically, we performed a phylogenetic 86 analysis to view relatedness between the isolates and examined the AMR determinants within the 87 genomes. Based on the previous results generated by Li et al. (16) , we expected to observe higher 88 rates of AMR encoded by a greater number of genes in the international isolates, and we also 89 expected phylogenetic segmentation based on geographic origin. Yet, we observed segmentation 90 based on the Global Lineages, so genes that could be used to predict phylogenetic classification 91 were identified and tested for validity.
93
Materials and Methods
94
Bacterial strains and growth conditions 95 The S. sonnei isolates sequenced in this study (Table 1) were previously analyzed by the 96 Pennsylvania Department of Health as part of AMR surveillance of enteric bacteria (16). After 97 receiving the bacterial isolates from the public health laboratory, they were promptly inoculated 98 from the shipping stabs to sterile Lysogeny Broth (LB) agar plates and grown overnight at 37°C.
99
DNA extraction, library preparation, and whole genome sequencing
100
For DNA extraction, a pure colony from each overnight agar culture was inoculated into 3 mL of 101 LB for overnight growth at 37°C in a shaking incubator at 300 RPM. DNA extraction was 102 performed using a Wizard Genomic DNA kit (Promega, Madison, WI), following the 103 manufacturer's instructions. DNA concentration was quantified on a Qubit 2.0 fluorometer using 104 the Qubit dsDNA BR Assay kit (Thermo-Fisher, Waltham, MA) and DNA purity was checked 105 using a A260/A280 purity ratio. Target DNA concentration was at or greater than 10 ng/µL and 106 target purity ratio was greater than 1.8 and less than 2.2. The DNA of each strain was then diluted 107 to a concentration of 0.2 ng/µL and prepared into sequencing libraries using the Nextera XT DNA
108
Library Preparation Kit (Illumina, Inc., San Diego, CA) per manufacturer's instructions. An
109
Illumina MiSeq was used to sequence the isolates, using 250 bp paired-end read length sequencing 110 chemistry.
111
Read assembly and quality control 112 Sequencing read quality was initially determined using FastQC 0.11.5 (17), followed by assembly 113 using the SPAdes Genome Assembler Version 3.10.0 (18) values, the phylogenetic tree was reanalyzed by PhyML 3.0 (26). Some phylogenetic trees were 141 visualized using Microreact (27).
142
Identification of presumptive lineage specific alleles
143
Putative lineage specific alleles were identified by using the SNVPhyl generated SNP S. sonnei will have less than 100% nucleotide identity to all confirmed lineage specific alleles.
170
Accession numbers
171
Isolates sequenced in this study and corresponding accession numbers can be found in Table S2 .
172
They were uploaded to the National Center for Biotechnology Information (NCBI) under 173 BioProject Number PRJNA273284. Other sequences utilized in this study can be found in Table   174 S3.
176
Results
177
Phylogenetic analysis of S. sonnei Collection. SNP calling was performed and a maximum-178 likelihood tree was generated to visualize the relatedness of these S. sonnei; clustering based on 179 geographic origin of the strains was expected to be the main driver of phylogenetic segmentation.
180
The S. sonnei separated into two distinct clusters, separated by > 850 SNPs, with the isolates SS-181 32, SS-37, SS-38, and SS-40 segmenting distinctly from the remaining eighteen isolates (Fig. 1 ).
182
Additional branching occurred within the two main clusters; in some cases, like with SS-30 and 
192
Global Lineage prediction gene allelic variants. Thirteen Lineage III specific alleles and four
193
Lineage II alleles sequences that carried lineage-specific SNPs were identified from the 22 S.
194
sonnei isolates (Table 2) . To test the validity of using these sequences as a prediction tool, an aligns with the observations in this study; 18 of the isolates clustered into Lineage III (Fig. 2) , and 254 9 of these isolates were resistant to fluoroquinolones (Fig. 4) Figure 1A ) and World Map ( Figure 1B ) generated via the Microreact Program. The colored circles of the tree correspond with the matching colored circles on the map. Colors were designated by region, and the location of the points do not correspond with the exact geographic location within the country, but rather the country as a whole. An interactive version of this output can be found at https://microreact.org/project/rJxfWLQdb.
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Figure 2: Global lineage analysis of S. sonnei collection
A GTR gamma maximum likelihood phylogenetic tree was generated by SNVPhyl to compare the Global Lineage strains to the S. sonnei collection, and bootstraps were generated by reanalyzing the tree using PhyML. The blue highlighted region contains isolates in Linage I, the purple contains Lineage IV, the green contains Lineage II, and the red contains Lineage III. Figure 2 also features Figure 1A with highlighted lineage regions mirroring the pattern seen.
Figure 3: Confirmation of Global Lineage Prediction
This SNVPhyl-generated phylogenetic tree serves as the confirmatory Global Lineage identifier for the additional S. sonnei isolates used to test the lineage specific alleles. Sequencing reads for each isolate were pulled from the NCBI SRA, then inputted into SNVPhyl along with the 17 Global Lineage S. sonnei strains from the Holt et al. collection to perform SNP calling. The resulting tree was compared to the global lineage predictions (Table 3) , and the colored dots represent what the initial lineage prediction was: blue dots for predicted Lineage III and green dots for Lineage II. S. sonnei ERR200550 received a special designation of a half-blue/half-green dot, as it carried lineage specific alleles for both Lineage II and III and was considered "Not Predictable."
Figure 4: Antimicrobial Resistance Genes of S. sonnei Collection
This heat map is a representation of the different antimicrobial resistance genes identified in the S. sonnei sequences. The PSU-ID is listed on the left, followed by a list of genes read from left to right. The bolded and italicized PSU-IDs indicate international S. sonnei. If the square is colored, it indicates that the isolate carries the resistance gene with high identity and query coverage (>99%). The color of the square corresponds with the resistance type key on the right side. All genes shown were identified by both BARRGD and ResFinder 3.0, with the exception being the chromosomal point mutations, which were only identified by ResFinder 3.0.
